due to the increasing importance of peripheral alpha-adrenoceptor stimulation once a maximal central effect has been reached. Differences in the sensitivities of central and peripheral alpha-adrenoceptors to clonidine have been reported." -13 Thus the balance of the evidence favours peripheral stimulation as the cause of drug resistance in patients on very high doses of clonidine. Our observations suggest that the use of high doses of clonidine may be associated with diminishing and not increasing hypotensive effects, and this should be borne in mind when the dose is being adjusted. 
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Summary
The relation between clinical and biochemical changes in thyrotoxicosis were studied in 12 patients with Graves's disease who were being treated with carbimazole. Clinical assessment (using the Crooks-Wayne index) was combined with the measurement of free thyroxine and triiodothyronine indices (FT4I and FT3I) and the assessment of two tissue markers of thyroid hormone actionsex-hormone-binding globulin (SHBG) levels and the thyrotrophin responses to TRH. In general the FT4I and FT3I fell rapidly once treatment was started, and returned to normal in one to four weeks, followed shortly by SHBG levels. The thyrotrophin response returned at this time in two patients, who still had borderline high levels of FT3I and SHBG. The clinical score fell more slowly and variably and was less closely related to any of the biochemical indices than these were to each other.
During the early phase of treatment with antithyroid drugs the clinical evaluation may be an unreliable indicator of persisting thyroid hormone excess, and when the patient seems clinically but not biochemically thyrotoxic the symptoms should be treated on their own merits with beta-blocking drugs and not with increased doses of antithyroid drugs. FT4I levels were raised (119-330) in all but two patients (cases 5 and 7), and FT3I levels were raised in 11 patients (3-14-2) including both cases 5 and 7. These patients were therefore considered to have T3 thyrotoxicosis. One patient (case 8) had a normal FT3I level but raised FT4I. Basal serum immunoreactive thyrotrophin was undetectable in all subjects except one (case 9), and in no case was there any rise after TRH. SHBG levels measured basally in all except case 6 were consistently raised, to a mean of 239 nmol/l (about 12-4 mg/l) for the women and 208 nmol/l (about 10 8 mg/l) for the men. These values were, respectively, 2-9 and 6-3 times the normal values. There was one exceptionally high basal level of 524 nmol/l (about 27-3 mg/l) in case 1, and when this value was excluded the mean value for the men was 3-1 times the normal value.
Introduction

RESPONSE TO TREATMENT
The typical pattern of response is shown in fig 1 for case 10 during the first 16 weeks of treatment. Clinical improvement with a fall in the clinical score of over 3 was seen within the first one to three weeks in eight of the 12 patients and in the remainder after four to five weeks had elapsed. The clinical score became normal in three to 18 weeks in the group as a whole.
Of the results of biochemical measurements, the FT4I and FT3I started to return towards normal within the first one to two weeks of treatment. FT4I came into the normal range in one to four weeks. The FT3I fell to normal over the same period, but in five of the patients it rose again into the thyrotoxic range more than once over the next year. In four of these patients the FT3I remained raised despite the presence of clinical euthyroidism for three to 11 weeks. The pattern of changes in circulating total T3 and T4 levels did not differ from those seen in FT3I and FT4I. SHBG also fell significantly within the first week in four patients, and was lower in all patients after three weeks' treatment, becoming normal after one to nine weeks, except in two patients in whom it remained high for 22 and 35 weeks.
The rates of improvement of the different measurements seemed to be consistent, with FT3I and FT4I falling in parallel and rapidly followed by the SHBG, with the clinical score responding more slowly. In nine of the subjects the TRH response returned within two to four weeks of the FT3I and FT4I becoming normal. In two patients (cases 3 and 4) the thyrotrophin response to TRH did not 139 return for a further 19 and 29 weeks. In each case the FT3I or SHBG, or both, remained borderline high, but the patients were clinically euthyroid.
One patient (case 3) showed an atypical response. She stopped her carbimazole for one week after seven weeks of treatment after an emotional upset. Initially she had shown a rapid improvement in all clinical and biochemical indices. After she stopped her carbimazole the FT3I and FT4I rose, and there was no further clinical improvement despite apparent resumption of treatment. The clinical score, FT3I, and SHBG remained consistently at the upper limit of normal and the TRH response did not return.
There seemed to be a close relation between SHBG and the free thyroid hormone indices in the initial phase of treatment (see below), and subsequently in all but one woman (case 11). Her response is shown in fig 2. As in the other patients, there was an initial rapid fall in FT3I and FT4I with slower falls in SHBG and the clinical score. After eight weeks the low FT3I and FT4I and the exaggerated thyrotrophin response to TRH suggested biochemical hypothyroidism, although the patient remained clinically euthyroid. From 20-31 weeks there was a considerable rise in plasma SHBG, which could not be explained on the basis of changes in thyroid function. Oestrogens also stimulate SHBG production but the patient was not receiving oestrogen treatment, and the increase remains unexplained. The sex difference in SHBG levels evident in normal subjects was also seen in thyrotoxicosis: the women had higher levels than men for a given degree of biochemical or clinical hyperthyroidism at all stages of treatment.
RELATION BETWEEN INDICES OF THYROID STATUS DURING TREATMENT
Clinical score and biochemical indices-There was a significant relation between the clinical score, SHBG, FT3I, and FT4I when basal results and those during the first 12 weeks of treatment were considered together (fig 3) . Since the relations were generally not linear, correlation coefficients are not presented. In every case the 
Relation between biochemical indices-Since all indices returned to the normal range after starting carbimazole it is not surprising that significant correlations were seen between most of them during treatment. Again these were generally not linear. The TRH response was initially absent and remained so for a mean of 15 weeks (range 2-64). It is of interest to note the relation between the return of each index to normal and the return of pituitary responsiveness to TRH (fig 4) . The TRH response was always absent until the FT4I had become normal. Similarly the FT3I was raised only on three occasions out of 55 when the TRH response had returned. There was likewise a close agreement between the fall in SHBG and the return of TRH responsiveness in both sexes. Subnormal SHBG concentrations were seen in association with the exaggerated TRH response on treatment only in the thyrotoxic men.
OBSERVATIONS AFTER CARBIMAZOLE WAS DISCONTINUED
Two patients became thyrotoxic again after treatment had stopped. In one the sequence seen on treatment was reversed, with early biochemical and delayed clinical evidence of thyrotoxicosis. FT3I and FT4I became raised first, followed one week later by a suppressed TRH response and raised SHBG. Clinical thyrotoxicosis was evident one week later. The other patient became thyrotoxic and was followed in another centre.
Discussion
Our findings indicate that thyroid hormone production, and therefore free T4 and T3 indices, fell rapidly on treatment with carbimazole. This was followed by a slightly slower fall in SHBG from raised levels. When all three biochemical values were normal the thyrotrophin response to TRH usually returned to normal, although later it became exaggerated in some patients. The clinical response was more gradual and the clinical state appeared to be less closely related to any of the biochemical indices studied than these were to one another.
On treatment none of the patients were clinically hypothyroid, although exaggerated thyrotrophin responses to TRH were sometimes seen. These were generally associated with low or low normal FT4I levels and variable (even occasionally raised) FT3I levels during the early phases of treatment. For a few weeks early in treatment these findings were seen despite continuing clinical thyrotoxicosis. Conversely, clinical euthyroidism was seen in two subjects despite biochemical evidence of continuing borderline hyperthyroidism.
Although a suppressed thyrotrophin response to TRH is a useful indication of thyrotoxicosis, the clinically euthyroid state may clearly be present for up to 47 weeks without a response to the releasing hormone. This agrees with the findings of others.14 15 Our data show a high degree of internal consistency between the biochemical criteria and indicate that the main inconsistency during the early stages of medical treatment in thyrotoxicosis is between the clinical state and all the biochemical changes. As an aid to adjusting the doses of antithyroid drugs there is little to choose between measuring the thyroid hormones and measuring the indicators of tissue sensitivity-the pituitary thyrotrophin response to TRH and the hepatic production of SHBG. SHBG levels, however, have a graded response in patients with hyperthyroidism during treatment, whereas the thyrotrophin response is completely absent until thyroid hormone concentrations are normal and then rapidly overswings into the hypothyroid range.
Our data give further evidence that during the early treatment phase of thyrotoxicosis the clinical manifestations are not closely related to the degree of thyroid hormone excess at any particular point in time. In view of this discrepancy, however, the problem of determining the appropriate treatment of biochemical and clinical differences remains. We suggest that in such patients the dose of carbimazole that maintains the thyroid hormones and thyrotrophin concentrations within the normal range should be continued. If the clinical features indicate thyrotoxicosis (despite normal biochemical values) they should be treated independently with doses of a beta-adrenergic blocking drug large enough to remove the attendant signs and symptoms. The occasional patient with clinical thyrotoxicosis and biochemical findings suggestive of hypothyroidism may benefit from the introduction of beta-blocking drugs with a reduction in the dose of carbimazole to ensure a return of the biochemistry to normal.
Patients with clinical euthyroidism but biochemical findings indicative of thyrotoxicosis might benefit from an earlier outpatient appointment so that the dose of carbimazole may be increased before clinical features reappear. The occurrence of clinical euthyroidism with circulating thyroid hormone and thyrotrophin concentrations usually associated with clinical hypothyroidism may require a reduction in the dose of carbimazole before such features result.
Clearly clinical assessment of the patient is an essential component in the management of thyrotoxicosis, and decisions based on biochemical or clinical features in isolation may lead to errors in treatment.
